II. Formulation
In the first place we will formulate the proximity potential (PROX) to calculate the nuclear potential. We use its definition as following, [3, 8, 7, 20, 23, 24, 25, 28] , (1) where R is the distance between the centers of mass of the interacting nuclei, γ is the surface energy coefficient, b the nuclear surface thickness, R is the geometrical factor, ξ is the universal function and Smin is the minimum distance between the surfaces of the interacting pair of nuclei. The surface energy coefficient [14, 15] can be calculated by, , (2) where Q is the neutron skin stiffness coefficient and ti is the neutron skin of the nucleus, [ 14, 15] , (3) where J is the nuclear symmetry energy coefficient, , b1 = 0.757895 MeV and r0 = 1.14 fm [14, 15] . To calculating the minimum distance, Smin, we need to minimize the surfaces separation distance, S, by making use of Fig. (1) where, we will find that [14] .
,
Where the angle α2 can be expressed in terms of δ2 as α2 = δ2 + θ2 − π. While the universal function ξ(x) is given as [7, 14, 15] 
where C0 = − 0.1886, C1 = − 0.2628, C2 = − 0.15216, C3 = − 0.04562, C4 = 0.069136 & C5 = − 0.011454 [6, 11, 15, 21, 25, 27] . The geometrical factor is given by the following relation,
where R11, R12, R21 & R22 are the principal radii of curvature of the gap between the two interacting nuclei [6, 11, 15, 21, 25, 27] and are calculated using the relations below [4, 7, 11, 15, 21, 22, 25, 27] , 
Effects of the deformation orders β6 & β8 on the fusion parameters for spherical-deformed
As known that the radius of a deformed nucleus of an axially symmetric deformation can be written as [4, 7, 11, 15, 21, 22, 25, 27] , (10) R0i is the matter radius, βi, l is the deformation parameter of order l, Yl0(θ, φ) is the spherical harmonic of order l. In PROX the matter radius [14, 15] is calculated as,
Where ci denotes the half-density radii of the nuclear charge distribution [14, 15] ,
The Coulomb part of the interaction between spherical-deformed pair of nuclei using the relation deduced by Denisov [14, 15, 27] .
where We will then go on to present the nuclear potential in DFM, which is given by [4, 5, 11, 14, 15, 17, 19, 21, 29] ; (15) where ρ1(⟶r1) & ρ2(⟶r2) are the density functions of the projectile and the target nuclei respectively, VNN(S) is the NN interaction potential, and ⟶R is the relative position vector of the centers of mass of the interacting pair of nuclei. To simplify calculation of the six dimensional integral (eq. 15) of the DFM, we will write VNN(S) in terms of its Fourier transform as [4, 11, 14, 15, 17, 19, 21] ,
We used the M3Y-Ried NN interaction with zero-range approximation for the exchange contribution [11, 14, 15, 17, 21, 29] , (17) As for the Coulomb potential, it is used as [11, 14, 15, 17, 21, 29] , (18) Furthermore, we used the multi pole expansion [19] for density distributions for separating the radial part from the angular dependent part for the density of the deformed nucleus. We finally reach after calculations to: (19) where A2l(k) and A10(k) are the form factors for target and projectile nuclei respectively. The form factors are given as (20) 
The Fermi shape is employed to describe both projectile and target densities,
where & is the densities normalization constant, a is the diffuseness parameter which is equal to 0.5 fm [13] . As the matter radius [9] used here in DFM is given by,
III. Results and Discussion
In this section we will study the effect of the deformation orders β 6 6 } for all target nuclei are listed in Table1. For this study we will use the quantity defined as the relative variation in the radius of Coulomb barrier and it is given by (eq.24 ).
(24) In first place we will discuss the effect of the deformation order β6 on the fusion barrier parameters, afterward the deformation order β 8 effects. Indeed different target nuclei are used in our study, in order to investigate different behaviors that give us more information about the effect of the higher order deformation parameters.
1 Deformation order β 6 In this subsection we study the deformation order β 6 effect on the radius of Coulomb barrier and are interested to know how much the consistency between the proximity and DFM results. Initially, as an illustrative example, as can be seen from Fig.2 the effect of deformation order β 6 with values β 6 = ± 0.3 when added to a spherical nucleus surface of a nucleus has a matter radius R 0 = 5 fm. Fig.3 b. Inspecting in the values of deformation parameters of these deformed nuclei, we conclude that the reason of abnormal behavior of R r is that the deformation order β 6 produces concave regions in the nucleus surface and the surface becomes more irregular. These surface irregularities contradict the assumption of gently-curved surface based on in PROX. & U 228 respectively, using DFM and PROX. According to the comparison between the DFM results and the proximity ones as shown in Fig.4 , the effect of β 6 on R B using PROX behaves similar to that behavior of DFM for heavy target nuclei U 228 and Ba
159
, especially for angles less than 55 o . On the contrary for light nuclei Si 64 and F
45
, PROX gives abnormal behaviors of the effect of the deformation parameter β 6 on the fusion barrier parameter R B . This is due to the increases of the surface irregularities and concave regions on lighter nuclei. Table 1 using negative, positive and zero value of β 6 . The same as (a) except for using PROX calculation method.
As shown Fig.5 presents dependence of the relative variation of the radius of Coulomb barrier R r on the deformation order β 6 at different orientation angles of the deformed target nucleus. The relative variation is calculated using DFM and PROX for Fe 65 Fig.5 that PROX shows non smooth and non-physical behaviors for the effect of β 6 on R r compared to those resulted from DFM for some orientations. For example PROX produces strong dependence for R r on β 6 when it becomes more negative at the orientation angle θ 2 = 0 o for all above reaction systems. In addition Fig.5 2 Deformation order β 8 In this subsection we study the effect of the deformation order β 8 on the radius of Coulomb barrier R B . In this study we are also interested to know how much the consistency between the proximity and DFM results. . We employed the deformation parameters of the deformed nuclei written on the graphs using negative, positive and zero value of β 8 . The same as (a) except for using PROX calculation method. Fig.9 Tables 4-5 ensure and enhance the failure of PROX to reproduce smooth and physical behaviors of dependence of the fusion barrier on the symmetry axis orientation and the deformation order β 8 of the target nucleus. For instance from Tab.5 for U 228 at θ 2 = 90 o PROX produces larger value for the fusion barrier height V B than its value from DFM by the difference 10.58 MeV. This larger difference in V B is very effective in calculating the fusion cross sections.
IV. Conclusion
In summary we studied the effect of higher deformation orders on the fusion barrier parameter for spherical -deformed interactions. RB was computed using double folding method and a simple model based on version of PROX for nuclear part combined with Denisov's formula for the Coulomb part. In first place we found that proximity approach effects calculated for deformation order β6 is close to that of effect calculated by DFM for heavier nuclei, especially for orientation angles less than 55o. The relative variations of the radius of Coulomb barrier for DFM shows a behavior similar to the spherical harmonic Y60 function for deformation order β6 and similar to the spherical harmonic Y80 function for deformation order β8. Secondly PROX gives abnormal behavior which arose from the irregularities added to the nucleus and the concave regions in the nucleus surface due to the presents of the deformation orders β6 & β8. The relative variation of the radius of Coulomb barrier of adding deformation orders β6 or β8 is affected by the values other deformation parameters for both methods.
